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ABSTRACT 
Survival rates in an animal population or subpopulation which is closed 
to recruitment but open to mortality may be estimated from a k-sample tag-
recapture experiment. At time t. a batch of m. anlinals are captured, the tag 
l. l. 
numbers of all recaptures are recorded, untagged animals are given tags, and 
the entire sample is returned to the population. If the population is being 
exploited then additional recapture records may be available in the form of 
tag returns from the harvest taken in the interims between ti and ti+l' 
Excluding these additional records, the survival rate between ti and ti+l is 
estimated by si = Ni+1/wi, where wi is the maximum likelihood estimator of 
population size at time t.. The sampling distribution of s. is examined here 
l. l. 
and shown empirically to be closely approximated by a gamma density function 
having the same first two moments. An estimator s~:.- utilizing reported re·· 
l. 
captures from the harvest is derived heuristically. In this preliminary report 
the results are present in outline form only. 
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INTRODUCTION 
Survival rates in an animal population or subpopulation which is closed 
to recruitment but open to mortality may be estimated from a k-sample tag-
recapture experiment. At time t. a batch of m. animals are captured, the tag 
~ l 
numbers of all recaptures are recorded, untagged animals are given tags, an6 
the entire sample is returned to the population. If the population is being 
exploited then additional recapture records may be available in the form of 
tag returns from the harvest taken in the interims between ti and ti+l' 
Excluding these additional records, the survival rate between ti and ti+l is 
A A /A A 
estimated by si = Ni+l Ni' where Ni is the maximum like~~nood estimator of 
population size at timet .. The sampling distribution of s. is examined here 
~ l 
and shown empirically to be closely approximated by a gamma density function 
having the same first two moments. An estimator s~ utilizing reported re-
l 
captures from the harvest is derived heuristically. In this preliminary report 
the results are present in outline form only. 
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TABLE 1. NOTATION for the multiple sample tag-recapture model 
Time of Population Survival Sample Number of fish which 
sampling size rate size are subsequently 
recaptured 
tl Nl ml Rl 
N2 
sl =-Nl 
t2 N2 m2 R2 
s2 =~ N2 
t N3 m3 R3 3 N4 
s3 =-N3 
tk-1 Nk-1 ~-1 Rk-1 
Nk 
8k-l =--Nk-1 
tk Nk ~ R = 0 k 
=number of (distinct) fish captured~ the i'th sample 
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ALTERNATE NOTATION for unions and intersections of samples 
General: An underlined letter M denotes a set of .M = ct>(~:P members. 
Particular: ~l is the set of m1 ; ~(~1 ) fish collected in the first sample. 
Q1 = ~2 U ~3 U . . . ~ is the set of c1 = ¢(£1) fish captured 
after the first sample. 
~l = ~l n Q1 is the set of R1 = ¢(~1 ) fish captured in the first 
sample and subsequently recaptured. 
TABLE 2. NOTATION for ANGLER TAG RETURNS 
Time of 
sampling 
tk-1 
tk 
Number of angler tag recoveries 
during interval between samples 
ak-1 ; ¢(~-1) 
~ = ¢(~) 
Number of angler tag recoveries 
made in subsequent intervals 
k 
= z: a. 
. 1 1. 1.; 
k 
A2 = ¢(~2 U ! 3 U ... U~k) = L: i=2 
k 
A3 = ¢(~3 U ~ U ..• U~) = L: a. i=3 1. 
~-1 = ¢(~-1 u ~) 
Ak ; ¢(~) = ~ 
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ASSUMPTIONS concerning the multiple sample tag-recapture model: 
1. No recruitment into the population being sampled. 
2. Each sample is a random sample from the population existing at 
that time. 
3. Capture, tag~ and release do not affect the ch~1ces for survival 
of a fish. 
4. Fish do not lose their tags. 
AS~JMPTIONS concerning angler tag returns: 
L Time of capture is reported to the correct interval between 
samples. 
2. When a tagged fish is removed by angling the chances that the tag 
will be reported are independent of the time of tagging. 
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TABLE 3· Illustration of NOTATION for RECAPTURE HISTORIES, k = 4 
samples (1 stands for "captured", 0 for "not captured") 
Capture history Observed 
Sample Sample SaJD.Ple Sample number Expected nu'D.ber of cases 
1 2 3 4 of cases 
1 0 0 0 XlOOO ~-Rl 
C1-R1 0 1 0 0 XOlOO (m2-R2) C 1 
R1 1 1 0 0 X1100 (m2-R2) C 1 
. (C1-Rl) (C2-R2) 
0 0 1 0 X0010 (~-R3) C C-1 2 
R1(C2-R2) 
1 0 1 0 X1010 (~-R3) C C 1 2 
. (Cl-R1)R2 
0 1 l 0 XOllO (~-R3) C C 1 2 
RlR2 
1 1 1 0 x1110 (~-R3) CC 1 2 
(CJ-R1)(c2-R2)(c3-R3) 0 0 0 l X0001 (m4 -R4) . C C C . l 2. 3 
Rl(C2-R2)(C3-R3) 
l 0 0 l XlOOl (m4-R4) C C C 1 2 3 
(c1-H1)R?(c3-R3) 0 l 0 l X0101 (m4-R4) C C C 1 2 3 
R1R'"'(c3-R3) 
1 l 0 l x1101 (m4-R4) C <:: C C 1 2 3 
(Cl-Rl)(C2-R2)R3 
0 0 l l XOOll (m4-R4) C C C 1 2 3 
Rl(C2-R2)R3 
1 0 l l x1011 (m4-R4) CCC l 2 3 
(C1-R1)R2R3 
0 l 1 1 XOlll (m4-R4) C C C-1 2 3 
R1R2R3 
l 1 l l xllll (m4-R4) C C C 
1 2 3 
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CHI-SQUARE goodness of fit test: 
x2 = ) (Observed - Expected)2 
L Expected 
1-8. 
k 
= I 
- R ) J 2 
j J 
o. 1-5. 
i-1 R/ (Cj - R.) J 
(m1 - R.) TI C J ~ j=l j 
Degrees of freedom = .f - 2k 
NOTE: 
~ X_ ~ 1~ ~ = m. fori= 1, ••• ,k L -01 oooui-l Ui+l""'uk ~ 
01' • • • ' 5i-J.' 51 +1' • • • '~ 
and 
P [ [X~ fl } = [ x~ ~ ) I [ m. } , [H. }] Ul•••-k u 1 oooUk ~ ~ 
ESTIMATION 
Maximum likelihood estimators: 
A 
si = -.-...-
N. 
~ 
Percentage bias in maximum likelihood estimators: 
fori= 1, ••• ,k 
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m.C. 
Bias in Ni .~ 100 exp(- ~.~)% 
~ 
Bias in si 
Adjustments for bias: 
~ (mi + l)(ci + 1) Ni+l 
N. ::: ---=:-...,..-,::--- - 1 ~ Ri + 1 s.- --~ 
~ 
Bias in N. ::: Bias in s. 1 ~ ~-
N. 
-
c. 
(i - ci- ) 
100 ~ ~ 
mi 
% = N. C!~) ~ 
~ 
N. - m. 
(i- ~~-) 
~ ~ ~ 
= 100 a~) N. ~ 
~ 
0 if m. + C. ~ N. 
~ ~ ~ 
m.C. 
;=" 100 exp(- _2:._2:) if m. + C. << N; N. ~ ~ .... 
Variance estimators: 
az = (N; + l)(N1 + 2) Ni .... 
~ 
(mi + l)(m1 + 2)(c1 + l)(c1 + 2) 
(R1 + 1)(Ri + 2) 
(Bias in crg is zero if + C ~ N ) Ni mi i i 
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R. [ l (R. - l)(R. - 2) ] 
+ mi ~ i mi C i + 7(-mJ.-. --=-l~)(r-m-~----:::2::""1)~( c-=-~----=-l'M)('""c=-i-----=2~) N~ + 1 
Interval estimator of survival rate: 
The sampling distribution of 2sis./cr~ is closely approximated by a 
J.: si 
gamma distribution 
).-1 
f(y) : Y exp(- l) 
2Af(:A) 2 ' 
which, for integer values of :A, is the chi-square distribution on 
2). degrees of freedom, Hence, with~= [s~&~.l a 95% confidence 
interval estimator of s. is given by J. J. 
If ~ is large (say~> 50) this becomes essentially the normal 
approximation 
Estimation of survival rate utilizing ANGLER TAG RETURNS: 
or, adjusted for bias, 
The latter is an exactly unbiased estimator of the proportion of the 
mi fish released at time ti that survive to time ti+l' provided that 
the number surviving is less than or equal to 
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~(m. ~ m.+1 ) + ¢[m. n (C.+l U A.+1 )] 
-l. -l. -l. --l. -l. 
Variance estimation utiliziug ANGLER TAG RETUP~S: 
In the notation 
~* 1 [ s. =-
J.. mi 
= !._ \ q. - ll 
m. I J. I 
l. --
we get 
(ui + l)(ui + 2)(vi + l)(vi + 2) ] 
q. (q. + 1) -
J. J. (w1 + l)(wi + 2) 
H .. 
which is unbiased if s~ is unbiased. 
A RANK-SUM TEST OF THE EFFECT OF HOLDING TIME 
If the~ fish tagged and_released at time t 1 are held in a tank and 
released individually as they are tagged then holding time increases directly 
with the serial tag numbers. If holding time does effect survival then the 
lower tag numbers should predominate in the set R1 U (~1 n ~) of recaptures. 
Partitioning ~ into ~l U (~ n ~) and its complement then provides the 
framework for _Wilcoxon's (1964) two-sample rank~sum test on the rank-order 
with respect to holding time. 
A RANK-SUM TEST OF RECRUITMENT .. INTO THE CATCHABLE SIZE CLASS 
If the m. fish captured at time t. are ranked according to body size and 
l. l. . 
then partitioned into two samples, tagged and untagged, then the rar~-sum for 
either sample ~y be tested against Wilcoxon's tables to determine whether 
the newly captured fish are predominantly smaller than the recaptures. 
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AN EXCEEDANCE TEST FOR RECRUITMENT TO CATCHABLE SIZE 
If recruitment through growth to catchable size (particularly in the 
youngest age group being sampled)does occur then in the sample taken at time 
ti the number of untagged fish ranging in size between successively larger 
tagged fish should be decreasing. In contrast, with no such recruitment this 
number should be constant. A test for an excessive number of untagged fish 
in the lower tail of the size distribution of tagged fish is provided by 
Gumbel and von Schelling's 11theory of exceedances 11 (1950) and is described in 
the context of the present problem by Robson and Flick (1965). 
RAN<:-SUM TEST OF THE EFFECT OF FISH SIZE ON PROBABILITY OF RECAPTURE 
If the mi fish taken in the i'th sample are ranked according to body 
size and then partitioned into two samples according to whether or not a fish 
is subsequently recaptured, then 1-Tilcoxon 1 s rank-sum procedure may be applied 
to test whether these two samples represent the same size distribution. 
TEST FOR TAGGING MORTALITY IN A 2 X 2 TABLE 
The ~ fish taken in the second sample may be partitioned into a 2 X 2 
array when classified according to their capture h:Lstory in the first and 
third samples, 
Third sample 
captured 
not 
captured 
-
First sample 
not 
captured . captured 
x111 XOll 
~10 XOlO 
and tested by contingency chi-square or, if the numbers are small, by the 
exact test for 2 X 2 tables. Tagging mortality (over and above mortality 
caused by handling fish already tagged) would produce the relation 
- 10-
though other factors such as capture proneness could also produce a signifi-
cant difference. 
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